Objectives: Gonadotropin-releasing hormone agonists are widely used as androgen deprivation therapy in many men with locally advanced or metastatic prostate cancer. Gonadotropin-releasing hormone agonists are delivered by intramuscular injection every 1, 3 or 6 months, but in some patients subcutaneous injection may be more appropriate. This study assessed the efficacy and safety profile of the gonadotropin-releasing hormone agonist, triptorelin pamoate, when administered by the subcutaneous route. Methods: In this multicentre, open-label, single-arm study, androgen deprivation therapynaïve men with locally advanced or metastatic prostate cancer received the gonadotropinreleasing hormone agonist triptorelin pamoate 11.25 mg (3-month formulation) by the subcutaneous route twice (at baseline and 13 weeks later). The co-primary efficacy endpoints were the proportion of patients with a castration level of serum testosterone (<50 ng/dl) after 4 weeks, and of these, those still castrated after 26 weeks. Results: Of the 126 treated patients, 123 [97.6%; 95% confidence interval (CI): 93.2-99.5)] were castrated 4 weeks after the first subcutaneous injection, and 115/119 patients (96.6%; 95% CI: 91.6-99.1) castrated at 4 weeks maintained castration at 26 weeks. Median prostate-specific antigen levels were reduced by 64.2 and 96.0% at 4 and 26 weeks, respectively. The probability of maintaining a testosterone level <20 ng/dl up to 26 weeks was 90.0% (95% CI: 85.0-95.0). The most frequently occurring treatment-related adverse events were typical of gonadotropinreleasing hormone agonist treatment (hot flushes, increased weight, erectile dysfunction and hyperhidrosis).
Introduction
For the management of locally advanced and metastatic hormone-sensitive prostate cancer, the European Association of Urology (EAU) recommends initiating androgen deprivation therapy (ADT) to achieve castration levels of testosterone (<50 ng/dl) [Heidenreich et al. 2014] . Castration is most often achieved by administering a gonadotropin-releasing hormone (GnRH) agonist, which is effective for palliation of symptoms in advanced disease and improves outcomes in high-risk patients and patients with metastatic disease [Palmberg et al. 1999; Sharifi et al. 2005] . Sustained release formulations of GnRH agonists were developed to enhance patients' quality of life and adherence [Shaheen et al. 1993] . The efficacy and tolerability of one of these sustained release agents, triptorelin pamoate (Decapeptyl ® , Ipsen, Paris, France) formulated for intramuscular (IM) injection every 1 or 3 months (triptorelin is also available as a 6 month formulation), have been demonstrated in many studies [Abbou et al. 1997; Kuhn et al. 1997; Heyns et al. 2003; Teillac et al. 2004; Lundstrom et al. 2009; Mounedji et al. 2011; Martinez-Pineiro et al. 2013] . In these studies, castration serum levels of testosterone (<50 ng/dl) were achieved in >90% of patients treated with IM triptorelin 1 month after the first injection [Heyns et al. 2003; Lundstrom et al. 2009; Martinez-Pineiro et al. 2013] . These rates of castration were maintained for 6-12 months in these studies. In line with EAU guidelines [Heidenreich et al. 2014] , triptorelin is indicated as first-line hormone therapy in patients with locally advanced nonmetastatic or metastatic disease as an alternative to surgical castration, and as add on to external beam radiation therapy.
In some patients, IM injections may not be recommended, for example, in patients receiving anticoagulants such as heparin and warfarin there may a possibility of developing haematomas or excessive bleeding [Lee, 1993] . In such instances, subcutaneous (SC) injections provide a recognized alternative route for the delivery of injectable medications without compromising efficacy or tolerability [Sweetser et al. 2006; Alviggi et al. 2007; Knuf et al. 2010; Madbouly et al. 2011; Zeitlinger et al. 2012; Golekoh et al. 2013] . Therefore, it would be useful to be able to inject GnRH agonists by both IM and SC routes to offer flexibility in the management of patients with prostate cancer.
We report on a study conducted to assess the efficacy and safety profile of triptorelin pamoate when administered by the SC route.
Methods
This was a multicentre, open-label, single-arm study of triptorelin pamoate 11.25 mg given by the SC route twice (at baseline and 13 weeks later), in which patients were monitored for 26 weeks. The study was conducted at 14 European centres in Bulgaria, France, Latvia, Poland and Romania between October 2012 and October 2013.
The study was conducted under the provisions of the Declaration of Helsinki and in accordance with the International Conference on Harmonisation guideline and Good Clinical Practice. The protocol was approved by all relevant Ethics Committees and Institutional Review Boards, and countries' health authorities. All participants gave written informed consent to participate in the study.
Patients
Adult men (⩾18 and <90 years of age) were enrolled if they had histologically proven locally advanced or metastatic prostate cancer and were considered appropriate candidates for ADT. Inclusion also required: baseline testosterone levels >125 ng/dl; life expectancy >12 months; Eastern Cooperative Oncology Group (ECOG) performance status 0-1; and the ability of the patient to adhere to the study visit schedule.
Key exclusion criteria included: previous hormonal therapy for prostate cancer; previous surgery or radiation therapy for prostate cancer unless disease was verified with rising prostate-specific antigen (PSA) levels (on last two measurements at least 1 month apart); any cardiovascular condition within the previous 6 months; abnormal haematological, hepatic or renal functions; use within the last 6 months of any drug known to affect the metabolism of androgenic hormones; corticosteroid use; known brain metastases; any skin or other condition that precludes SC injection; known hypersensitivity to the study drug or any of its excipients; and any other condition that could confound the interpretation of the study findings.
Treatment and endpoints
All participants received treatment with triptorelin pamoate 11.25 mg by the SC route (injected via 20 gauge needle) at baseline and 13 weeks later.
The co-primary efficacy endpoints were the proportion of patients with a castration level of serum testosterone (<50 ng/dl) at 4 weeks (greater than a rate of 80% achieving castration), and of these, those still castrated at 26 weeks (greater than a rate of 85% maintaining castration). Secondary efficacy endpoints included: time to achieve castration; probability of testosterone levels remaining <50 ng/dl between week 4 and week 26; proportion of patients remaining castrated at week 13 (before administration of the second dose of triptorelin); proportion of patients castrated 3-4 days after administration of the second dose; plasma triptorelin levels at 13 and 26 weeks; change in PSA levels from baseline; and proportion of patients with normal PSA levels at 26 weeks (end of study visit) compared with baseline. An additional exploratory analysis was the proportion of patients with serum testosterone <20 ng/dl. Other laboratory parameters tested included follicle stimulating hormone (FSH) and luteinizing hormone (LH) levels with limits of detection of 0.05 international units (IU)/l. Plasma triptorelin concentrations at baseline and the minimum triptorelin plasma concentration at the end of each dosage interval immediately prior to the next dose injection (C min ) were measured for days 92 and 183 in the intention to treat (ITT) population. The pharmacokinetic (PK) profile was assessed in a subset of 18 patients over the 24 hours following the first SC administration of triptorelin.
Safety endpoints included: injection site reactions (pain, swelling and redness) assessed daily by the participants for 2 weeks after each SC injection and at each visit by the investigators; adverse events (AEs) monitored according to the US National Cancer Institute's Common Terminology for Adverse Events version 4.03 [National Cancer Institute, 2010] ; and laboratory parameters.
Assessments
Following a screening visit up to 21 days before baseline, all patients were assessed at baseline and after 1, 2, 3, 4, 8, 13, 15, 17, 21 and 26 weeks. There was also an assessment 3-4 days after the second injection of triptorelin (after the week 13 visit).
Serum testosterone level was measured at all visits. If a testosterone level of ⩾50 ng/dl was measured in a participant after week 5, then the testosterone level was measured again within 7 days or at the next visit if scheduled within 14 days. Testosterone levels were measured using the Bayer ADVIA Centaur automated immunoassay; from 4 weeks to the end of the study, the more sensitive liquid chromatography/tandem mass spectrometry (LC-MS/MS) with a lower limit of detection of 0.104 nmol/l was used with missing data imputed by immunoassay.
PSA levels were measured using the Bayer ADVIA Centaur automated immunoassay at baseline and after 4, 8, 13, 17, 21 and 26 weeks. At baseline and week 13, blood was sampled for PSA measurement no more than 30 minutes before the triptorelin injection. FSH and LH levels were measured by a fluoroimmunometric assay with limits of detection of 0.05 IU/l. Plasma triptorelin levels were measured in all participants immediately before the triptorelin injections to measure C min at baseline and after 13 and 26 weeks. In the subset of 18 patients, plasma concentrations of triptorelin were analysed at 1, 2, 3, 4, 5, 6, 7, 8 and 24 hours after the administration of the first SC dose of triptorelin, and peak plasma concentration (C max ), time to C max (T max ), and area under the concentration versus time curve between 0 and 24 hours (AUC 0-24 ) were estimated. Triptorelin levels were measured using a radioimmunoassay technique (performed at Kymos Pharma Services, Barcelona, Spain) with a limit of quantification of 0.015 ng/ml.
AEs were assessed at all visits. Treatment-emergent AEs (TEAEs) reported by investigators were coded using MedDRA version 16.1 [MedDRA, 2013] .
Statistical analyses
Due to the single-arm nature of the study, all statistical analyses were descriptive, with quantitative data summarized as mean, standard deviation (SD), median, quartiles, 95% confidence intervals (CIs) and range. Qualitative data were summarized as frequency counts and percentages.
Statistical evaluation was performed using SAS (version 9.2) on all treated participants (ITT population) and the initially castrated (IC) population (defined as all participants with testosterone levels <50 ng/dl at week 4). The safety population consisted of all patients who received at least one dose of study treatment.
The co-primary endpoint of the proportion of patients castrated at 4 weeks was based on the ITT population, and the co-primary endpoint of the proportion of patients still castrated at 26 weeks was based on the IC population. The co-primary endpoints and other endpoints based on proportions were calculated along with 95% CIs (two-sided) using exact methods (Clopper-Pearson). Time to castration and probability of testosterone level <50 ng/dl (and <20 ng/dl) was analysed using the Kaplan-Meier method. Serum PSA, LH and FSH levels were analysed throughout the study using descriptive statistics.
This single-arm study was designed to demonstrate that: (1) the proportion of patients castrated (serum level of testosterone <50 ng/dl) after 4 weeks was greater than 80% (a rate of less than 80% was considered undesirable, as this corresponds to below the lower 95% CI of the observed rate); and (2) the proportion of patients in the IC population that maintained castration levels after 26 weeks was greater than 85% (a rate of less than 85% was considered undesirable, as this corresponds to below the lower 95% CI of the observed rate). If 95% of participants maintained castration after 26 weeks, then 108 patients were required in the IC population to demonstrate that the co-primary endpoint was achieved with a 90% power and a one-sided alpha of 0.025. To achieve at least 108 patients in the IC population, and assuming 92% would achieve castration after 4 weeks (based on trial data with IM administration of triptorelin) [Heyns et al. 2003 ], the aim was to recruit at least 120 patients.
Results

Patient disposition and characteristics
All recruited patients (n = 126) received study treatment and were included in the ITT population, and 123 patients were included in the IC population. Patient populations and disposition are shown in Figure 1 .
Baseline characteristics of the study participants are shown in Table 1 . There was a wide range in the time since diagnosis of prostate cancer (1-2709 days), but the median of 25 days indicates that most patients were recently diagnosed. Most participants had locally advanced prostate cancer (109/126; 86.5%) and 14 patients (11.1%) had distant metastases. A biological relapse after curative treatment was experienced by three patients (2.4%). 
Efficacy: testosterone
The primary objective of the study was met; 123/126 patients (97.6%, 95% CI: 93.2-99.5) were castrated 4 weeks after the first SC injection of triptorelin 11.25 mg (ITT population). Of the 3/126 not castrated at 4 weeks, one patient had elevated testosterone levels (202 ng/ml), one patient withdrew from the study due to protocol violation, and one patient had no testosterone measurements at 4 weeks.
At 26 weeks, 115/119 patients (96.6%, 95% CI: 91.6-99.1) who were castrated at 4 weeks maintained castration (IC population). Of the 4/119 patients who did not maintain castration at 26 weeks, one patient had elevated testosterone levels (54 ng/dl) at 26 weeks, two patients discontinued treatment before 26 weeks due to lack of efficacy (one patient withdrew at week 16 and one patient withdrew at week 17 with testosterone levels of 355 ng/dl and 58 ng/dl, respectively) and one patient discontinued due to an AE (myocardial infarction leading to death at 15 weeks).
The median time to achieve castration in the ITT population was 22 days (95% CI: 22-23). There was a short-lived flare up of testosterone levels after the first injection of triptorelin; this increase is expected with GnRH agonists (Figure 2 ). No such increase in testosterone levels was observed 3-4 days after the second triptorelin injection The probability of achieving castration (testosterone level <50 ng/dl) after 4 weeks of treatment and remaining castrated at each measurement up to 26 weeks was 96.0% (95% CI: 92.0-99.0) in the ITT population. Furthermore, a large proportion of patients receiving triptorelin by the SC route achieved the lower cutoff value of testosterone levels <20 ng/dl from 4-26 weeks after first injection ( Table 2 ). The probability of maintaining a testosterone level <20 ng/dl up to 26 weeks was 90.0% (95% CI: 85.0-95.0) in the ITT population.
Efficacy: PSA
In the ITT population, median PSA levels were reduced by 64.2 and 96.0%, 4 and 26 weeks after the first SC injection of triptorelin, respectively, and median PSA levels were within the normal range (0-4 ng/ml) from 8 weeks until the end of the study (Figure 3) .
Pharmacokinetics
Following the first SC administration of triptorelin (in a subset of 18 patients), the median In the ITT population, pre-injection C min at baseline and at weeks 13 and 26 were measured. At baseline, the concentration was below the limit of quantification in 118/119 participants (one patient sample gave a detectable value <0.03 ng/ml that may have been an artefact of the assay; no samples were collected from seven patients). After 13 and 26 weeks, triptorelin concentrations were above the limit of quantification in 121/122 patients (no samples were collected from four patients) and 109/117 patients (no samples were collected from nine patients), respectively. Median C min at 13 and 26 weeks (excluding four outliers) was 0.062 ng/ml (range: below limit of quantification to 0.158 ng/ ml) and 0.044 ng/ml (range: below limit of quantification to 0.147 ng/ml), respectively. Globally, the trough triptorelin concentrations observed at week 26 were similar to those observed at week 13. In the one patient with undetectable levels of triptorelin at week 13, the testosterone level was 8.5 ng/dl. In the eight patients with undetectable levels of triptorelin at week 26, seven had testosterone levels <50 ng/dl and one had a testosterone level of 54.2 ng/dl. No direct correlation was observed, by visual inspection, between triptorelin C min at weeks 13 and 26 and testosterone levels; however, no formal modelling was performed between triptorelin concentrations and testosterone levels due to the limited sampling schedule in the subset of 18 patients assessed in detail for pharmacokinetic parameters. Figure 2 . Mean serum testosterone levels* (ng/dl) in patients receiving triptorelin pamoate (11.25 mg) by the subcutaneous route (ITT population) at baseline and week 13.
Arrows denote when triptorelin injections were administered and vertical lines denote standard error of mean. * Baseline and week 1 values measured by immunoassay, all other measurements were by the liquid chromatography/ tandem mass spectrometry method with missing data imputed by immunoassay. ITT, intention-to-treat.
Efficacy: LH and FSH
There was an initial increase in LH concentrations at week 1 after the first triptorelin injection but, from week 2 until the end of the study, LH levels were reduced (Table 3) . Mean FSH concentrations started to decrease at week 1 and mean decrease in FSH was maintained until the end of the study (Table 3) .
Safety assessments
A total of 45 (35.7%) of the 126 patients treated in the study experienced 122 TEAEs (Table 4) and 27 (21.4%) patients had at least one TEAE considered related to study drug. The most frequently occurring treatment related TEAEs were hot flushes in 13 patients (10.3%) and increased weight in seven patients (5.6%). Most TEAEs were mild to moderate; one patient had a grade 3 hot flush 3-4 days after the second triptorelin injection.
Seven SAEs were reported from six patients during the study, none of which was considered related to study drug: one patient with grade 5 myocardial infarction resulting in death; one patient with grade 3 cardiac failure still ongoing at the end of the study; one patient with grade 1 pneumonia, which resolved after treatment for pneumonia; one patient with a history of anaemia developed grade 2 worsening anaemia, which resolved with sequelae after treatment for anaemia; one patient with grade 2 chronic obstructive pulmonary disease exacerbated with pneumonia, both of which resolved after treatment; and one patient with serious grade 2 fibula fracture, from which the patient recovered with appropriate treatment.
Discussion
This study assessed the efficacy, tolerability and PK of a sustained-release GnRH agonist delivered by SC injection in patients with prostate cancer. The primary objective of the study was met, with triptorelin pamoate 11.25 mg administered by the SC route achieving castration levels of testosterone in >95% of men with prostate cancer after 4 weeks. Castration was maintained up to 26 weeks (6 months) in >95% of these men. The number of patients achieving testosterone castration levels in this study is consistent with the data of previous clinical studies performed with triptorelin and other GnRH agonists delivered by the n = Median serum PSA level (ng/ml) Figure 3 . Median serum prostate specific antigen (PSA) levels (ng/ml) in patients receiving triptorelin pamoate (11.25 mg) by the subcutaneous route (ITT population) at baseline and week 13.
Arrows denote when triptorelin injections were administered. ITT, intention-to-treat.
IM route [Abbou et al. 1997; Kuhn et al. 1997; Fontana et al. 2003; Heyns et al. 2003; Teillac et al. 2004; Lundstrom et al. 2009; Mounedji et al. 2011; Spitz et al. 2012; Martinez-Pineiro et al. 2013; Wex et al. 2013 ].
In addition, this study showed that from 8 to 26 weeks after the first triptorelin injection, >90% of men had a testosterone level <20 ng/dl. A lower cutoff of 20 ng/dl to define castration has been proposed [Morote et al. 2007; Perachino et al. 2010] and it is therefore encouraging that triptorelin administered by the SC route suppresses testosterone to these levels. These results are also consistent with the proportion of men achieving testosterone levels <20 ng/dl following triptorelin IM injection every 3 months [Mounedji et al. 2011; Ploussard and Mongiat-Artus, 2013] .
The minimal and short-lived flare up of testosterone levels after the first triptorelin injection was consistent with that widely observed with the initiation of therapy with GnRH agonists [Thompson, 2001; Damber et al. 2012; Romero et al. 2012 ]. The median time to achieve castration was 22 days, which suggests that the flare of testosterone levels was no more prolonged with SC injection of triptorelin than would be expected with IM injection (reported mean time to achieve castration of 22 days) [Bouchot et al. 1998 ], and no such flare up was observed after the second injection.
The efficacy of SC triptorelin injections was confirmed by the reduction in median PSA levels, which were reduced 4 weeks after the first triptorelin injection by 64.2% and by 96.0% at the end of the study (week 26). Median PSA values remained within normal range (0-4 ng/ml) from 8 weeks after the first injection until the end of the study. These results are also broadly consistent with PSA reductions achieved with 3-month triptorelin formulation when delivered by the IM route [Teillac et al. 2004] .
Although there was variability within studies, the PK parameters of triptorelin when delivered by the SC route (as measured by median C max and C min ) were within the same range as with IM administration [Bouchot et al. 1998 ]. For example, in the subset of 18 patients, median C max was 17.17 ng/ml (range: 7.20-32.66 ng/ml) with SC administration of triptorelin, and in the previous study was 32.90 ng/ml (range: 9.05-70.68 ng/ml) with IM administration [Bouchot et al. 1998 ]. In the whole population, C min was 0.044 ng/ml (range: below limit of quantification to 0.147 ng/ml) and 0.063 ng/ml (range: 0.021-0.174 ng/ ml) with SC and IM administration, respectively [Bouchot et al. 1998 ]. Likewise, the safety profile of triptorelin administered by the SC route was similar to the known safety profile of triptorelin administered by the IM route [Abbou et al. 1997; Kuhn et al. 1997; Heyns et al. 2003; Teillac et al. 2004; Lundstrom et al. 2009; Mounedji et al. 2011; Martinez-Pineiro et al. 2013] .
The findings of this study suggest that the triptorelin pamoate 11.25 mg 3-month formulation can be administered by the SC or IM route without any relevant difference in efficacy, PK and tolerability.
In men with prostate cancer, hormone therapy leading to castration is mainly used in three situations: metastatic prostate cancer; rising PSA after local treatment where micrometastases are suspected; and in adjuvant therapy in conjunction with radiotherapy. In these three situations, hormone therapy is mostly given to men over 60 yearsold and in this aging population many men already use anticoagulants due to concomitant cardiac or thrombotic conditions. For this group of men, SC injections are preferable in order to avoid excessive bleeding and haematomas. Therefore, SC delivery of triptorelin pamoate provides a useful alternative to IM injection for men with prostate cancer who require chemical castration but are already receiving anticoagulant treatment.
In conclusion, this study demonstrates triptorelin pamoate 11.25 mg administered by the SC route every 3 months is as efficacious and well tolerated as administration via the IM route, and as such provides an alternative route to administer a GnRH agonist. In circumstances where IM injection is problematic or when individuals prefer SC injection, this study shows that SC injections of triptorelin can be used to reduce testosterone to current (<50 ng/dl) and proposed (<20 ng/dl) castration levels in men with prostate cancer.
